Altitudinal patterns in the population ecology of mountain bird species are useful for predicting species occurrence and behavior. Numerous hypotheses about the complex interactions among environmental factors have been proposed; however, these remain controversial. This study investigated the causes of altitudinal patterns in breeding bird species richness and density in relation to climate, habitat heterogeneity, and migration influence in Jirisan National Park, South Korea. We conducted a field survey of 142 plots at altitudes between 200 and 1400 m above mean sea level in the breeding season. A total of 2771 individuals from 53 breeding bird species were recorded. Altitudinal patterns of species richness and density showed a hump-shaped pattern, indicating that the highest richness and density could be observed at moderate altitudes. Models constructed with 16 combinations of six variables demonstrated that species richness was positively correlated with vertical and horizontal habitat heterogeneity, and that density was positively correlated with vertical, but not horizontal, habitat heterogeneity, and negatively correlated with migrant rate. No significant relationships were found between spring temperature and species richness or density. Therefore, the observed patterns in species richness support the hypothesis that habitat heterogeneity, rather than climate, is the main driver of species richness. And neither habitat heterogeneity nor climate hypotheses fully explains the observed patterns in density. However, vertical habitat heterogeneity does likely help explain observed patterns in density. The heterospecific attraction hypothesis did not apply to the distribution of birds along the altitudinal gradient.
Introduction

24
Altitudinal changes in bird species diversity provide important information on the 25 limitation of species distribution within mountain areas, and these changes are widely used to 26 identify and study the environmental variables that affect the structure of communities (Adolfo 27 & Navarro, 1992). Recently, there has been an increase in studies on climate change; thus, the were classified as passing migrants, were eliminated from the analysis (Table S1 ).
Climate variables
We used the Weather Research and Forecasting (WRF) version 3.6 model to retrieve 119 climate parameters, including mean spring temperature and relative humidity, on regional and 120 local scales. These parameters were compiled over a three-month period using terrestrial data 
Migrant rate
148
To calculate migrant rate, all birds detected were classified as residents or summer 149 migrants. Migrants were defined as wintering in the tropical region of Southeast Asia and 150 migrating to the study area for breeding purposes. Twenty-three species were identified as 151 summer migrants and 30 species were defined as residents (Table S1) . Generally, a function of 152 the degree of species turnover is used to determine the change in community composition for 153 purposes of measuring beta diversity (Wilson & Shmida, 1984 
Results
183
Altitudinal patterns in species richness and density
184
Fifty-three species were observed in the 142 survey plots during the breeding period showed a hump-shaped pattern along an altitudinal gradient (R 2 = 0.11, p < 0.001; Fig. 2a) . A 188 linear pattern of species richness was not significant in relation to altitude (R 2 = 0.00, p = 0.820).
189
In addition, density showed a hump-shaped pattern (R 2 = 0.10, p = 0.002; Fig. 2b ), rather than a 190 linear pattern (R 2 = 0.04, p = 0.019).
192
Pearson's correlation analysis of nine environmental variables showed that spring 195 temperature and relative humidity were highly correlated (r = -0.951; Table S2 ). Elevation
196
showed strong correlations with spring temperature and relative humidity (r = -0.977, r = 0.938,
197
respectively; Table S2 ). Although migrant rates of species and individuals were correlated (r = 198 0.872; Table S2 ), these were not included in the same model. Therefore, elevation and relative 199 humidity variables were eliminated from the curve estimation and model construction.
200
In the best-fit curve estimation between species richness, density, and environmental 
214
Model selection and multimodel inference 215 The set of candidate models with 16 combinations of six variables showed eight models 216 supported for species richness and four models supported for density ( Altitudinal patterns of species richness and density
239
Altitudinal patterns in breeding bird species richness and density showed a hump-shaped 240 pattern (Fig. 2) vertical overstory and understory vegetation cover (Table 3) , and species richness showed a 267 significant positive relationship with density (Fig. S3) . Further, the present study demonstrated 268 that species richness was affected by horizontal habitat diversity, but density was not (Table 3) .
269
High habitat diversity can increase species richness due to niche partitioning and providing present study. However, a larger number of habitat types did not influence the density.
277
We observed a negative relationship between density and migrant rate of individuals, and 278 no relationship was observed between species richness and species migrant rate ( Fig. 4b and 279 showed a mid-peak pattern along the altitude gradient (Fig. S4) . It is unlikely that the migrants 286 could choose a mid-elevation with higher vegetation coverage than the residents could (Fig. S4 ).
287
Migrant species and individuals did not positively influence species richness and density, and 288 they were not attracted to resident species. Therefore, the heterospecific attraction hypothesis
289
was not applicable along the altitude gradient surveyed in the present study.
290
No relationships were found between species richness or density and climatic factors 291 (Table 3 and Table S2 ); however, a decreasing pattern of spring temperature along the altitudinal 292 gradient was identified (Table S2) Figure 1
Location of Study site and survey plots Figure 2 Distribution patterns of (a) species richness and (b) density along an altitudinal gradient.
Best-fit curves (linear, quadratic, and exponential) were selected according to the highest R
